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ROTATABLE COMPONENT, COATING AND
METHOD OF COATING THE ROTATABLE
COMPONENT OF AN ENGINE

FIELD OF THE INVENTION

The present invention relates generally to turbines, and
more specifically to rotatable components, coating and
method of coating the rotatable component of an engine in a
gas turbine or steam turbine.

BACKGROUND OF THE INVENTION

Tip rub of the airfoil tip with the compressor casing causes
detrimental effects, such as high loads transferred to the root
of' the airfoil, high heat transmitted to the airfoil blade mate-
rial, which results in fatigue debit, and micro-cracking of the
airfoil. Attempts to reduce efficiency debit from large clear-
ances between the airfoil tip and casing, such as by providing
abradable casings of case liners and oversized seals have been
somewhat unsuccessful because these methods are subject to
limitations such as complex repair procedures necessary to
access the abradable case liner.

A rotatable component, coating and method of coating the
rotatable components for engines that do not suffer from the
above drawbacks is desirable in the art.

SUMMARY OF THE INVENTION

According to an exemplary embodiment of the present
disclosure, a rotatable engine component is provided. The
rotatable engine component includes a substrate, a transi-
tional zone applied to the substrate, and an abradable zone
applied to the transitional zone. The abradable zone is con-
sumed upon contact with a static portion of the engine.

According to another exemplary embodiment of the
present disclosure, a coating for a rotatable component is
provided. The coating for the rotatable component includes a
transitional zone applied to a substrate of the component and
an abradable zone applied to the transitional zone. The abrad-
able zone includes a plurality of abradable layers including a
plurality of fused ultra fine powder particles, wherein the
coating withstands rotational force and the abradable zone is
consumed upon contact with a static portion of a gas turbine
engine.

According to another exemplary embodiment of the
present disclosure, a method of coating a rotatable engine
component is provided. The method of coating the rotatable
engine component includes providing the rotatable engine
component having a substrate, applying a transitional zone to
the substrate, and applying an abradable zone to the transi-
tional zone. The abradable zone is consumed upon contact
with a static portion of the gas turbine engine.

Other features and advantages of the present invention will
be apparent from the following more detailed description of
the preferred embodiment, taken in conjunction with the
accompanying drawings which illustrate, by way of example,
the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is schematic illustration of a gas turbine engine of
the present disclosure.

FIG. 2 is an enlarged view of the compressor components
of the gas turbine engine shown in FIG. 1.

FIG. 3 is an enlarged view of the rotating airfoil and static
portion of the compressor components shown in FIG. 2.
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FIG. 4 is an enlarged schematic of the pre-fused powder
system of the rotating airfoil shown in FIG. 3.

FIG. 5 is an enlarged schematic of fused powered system
the rotating airfoil shown in FIG. 3.

FIG. 6 is a schematic of the pre-fused powder system of an
alternative embodiment of the present disclosure.

FIG. 7 is a schematic of the fused powdered system of an
alternative embodiment of the present disclosure.

FIG. 8 is a schematic of a rotating airfoil of the present
disclosure.

FIG. 9 is a section view taken along line 9-9 of rotating
airfoil of FIG. 8 of the present disclosure.

Wherever possible, the same reference numbers will be
used throughout the drawings to represent the same parts.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a schematic illustration of a gas turbine engine
100 including a fan assembly 102, a high pressure compressor
104, and a combustor 106. Gas turbine engine 100 also
includes a high pressure turbine 108 and a low pressure tur-
bine 110. Gas turbine engine 100 has an intake side 128 and
an exhaust side 130. Although depicted as a gas turbine
engine, it should be understood that the concepts described
herein are not limited to use with gas turbines as the teaching
may be applies to other types of engines, including steam
turbine engines, turbo fan engines, and others.

In FIG. 1, the gas turbine engine 100 includes a low pres-
sure compressor 110 and a high pressure compressor 112.
Each ofthe compressors incorporates rotating sets of airfoils
(e.g., blade 114) and stationary sets of airfoils (e.g., vane
116). The stationary set of airfoils 116 are embedded in the
static portion 118 (e.g. casing) of the gas turbine engine 100.
The rotating airfoils 114 are disposed adjacent to the static
portion 118 which creates a static flow path or gap 220 (see
FIG. 2). InFIG. 2, the clearance or gap 220 is shown between
the rotating airfoils 114 and static portion 118; however, upon
start-up and shut down of the gas turbine engine 100, the tip
226 of the rotating airfoil 114 can come into contact with the
static portion 118, called a tip-rub.

FIG. 3 is an enlarged schematic of the rotating airfoil 114
and static portion 118 of the compressor 104 of the engine 100
shown in FIG. 2. The rotating airfoil 114 includes a tip 226
having a coating 222 applied to the surface 342 of the sub-
strate 344. The coating 222 includes a transitional zone 346
applied to the substrate 344 and an abradable zone 348
applied to the transitional zone 346. The coating 222 with-
stands the rotational force that the rotating airfoil 114 is
subjected to during operation of the gas turbine engine 100. In
one embodiment, the coating 222 is applied to a new rotating
airfoil 114 to reduce the likelihood of damage to the rotating
airfoil 114. In another embodiment, the coating 222 is used to
repair and extend the service life of the rotating airfoil 114.
The abradable zone 348 of the coating 222 is consumed upon
contact with the static portion 118 of the gas turbine engine
110, during an event, such as, but not limited to, tip-rub.
During a contact event, such as tip-rub, the coating surface
354 of the airfoil 114 comes in contact with the surface 352 of
the static portion 118 or casing of the gas turbine engine 100.
The contact between the coating surface 354 of the airfoil 114
and the surface 352 of the static portion 118 generally occurs
during start-up or shut-down with each revolution of the
airfoil 114. This high speed contact causes the abradable layer
348 to wear off or discharge from the airfoil 114, instead the
of contact force being absorbed by the airfoil 114, which
could cause damage to the root, tip, or other portions of the
rotating airfoil 114.
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The substrate 344 of the airfoil 114 is selected from mate-
rials, such as, but not limited to, stainless steel alloys, nickel-
based alloys, titanium alloys, aluminum alloys, aluminum-
lithium alloys, and combinations therecof. Examples of
suitable stainless steel alloys are, but not limited to, 17-4PH,
13-8PH, 15-5PH, M152. Examples of suitable nickel-based
alloys are, but not limited to Inconel 600, Inconel 617, Inconel
625, and Inconel 718. Examples of suitable titanium alloys
are, but not limited to Ti6-4 and Ti6-2-2-2-2.

As shown in FIG. 3, the transitional zone 346 as applied to
the surface 324 of the substrate 344 includes at least one
transitional layer 358 of a fused powder composition 400 (see
FIG. 5). The fused powder composition 401 includes a plu-
rality of powder particles 412 fused, melted or joined together
by an energy source to form the transitional layer 358. The
transitional zone 346 is applied using any suitable technique
generally including thermal energy. Examples of thermal
energy application methods for applying the transitional zone
346, are, but not limited to, an electro-spark deposition (ESD)
process, an electron beam welding process, a laser powder
fusion welding process, a direct metal laser sintering process,
and combinations thereof.

The abradable zone 348, shown in FIG. 3, includes at least
one layer, but generally includes a plurality of abradable
layers 356 including a fused powder composition 400 (see
FIG. 5). The fused powder composition 400 includes a plu-
rality of powder particles 412 fused, melted or joined together
by an energy source to form the abradable layer 356. The
abradable zone 348 is applied using any suitable technique,
including, but not limited to, an electro-spark deposition
(ESD) process, an electron beam welding process, a laser
powder fusion welding process, a direct metal laser sintering
process, and combinations thereof. As shown in FIG. 4, inone
embodiment, the pre-fused powder composition 401 includes
a plurality of powder particles 412 and binder particles 416,
dispersed amongst the powder particles 412. As the energy
source is applied to the nominal unit cells of powder particles
412, the binder particles 416 melt or disperse and the powder
particles 412 join together at adjacent surfaces to form the
abradable layer 356. In one embodiment, laser beam may be
focused on an approximately 2 millimeters to approximately
10 millimeters, or alternatively 3 milliliters to approximately
8 millimeters, or approximately 4 millimeters to approxi-
mately 6 millimeters diameter patch of powder particles 412.
The thermal energy from laser beam generally penetrates
approximately 0.2 millimeters to approximately 2 millime-
ters, or alternatively 0.3 millimeters to approximately 1.8
millimeters to approximately 0.4 millimeters to approxi-
mately 1.7 millimeters into the powder particles 412, thereby
simultaneously evolving or volatizing binder particles 416
from the system and fusing adjacent non-binder particles 412
into fused powder particles 414 (see FIG. 5).

As shown in FIG. 4, the pre-fused powder composition 401
for either the transitional layers 358 or the abradable layers
356 includes a plurality of powder particles 412 and binder
particles 416 inter-dispersed amongst the powder particles
412 with a minimal amount of void space 410 therebetween.
As shown in FIG. 4, there is an optimal packing density
between the powder particles 412 and the binder particles
416, such that the particle size of the binder particles 416 is
approximately the square root of the powder particles 412. In
another embodiment, the powder particles 412 and binder
particles 416 can be ordered or randomly dispersed. The
plurality of powder particles 412 and binder particles 416 are
deposited on the surface 342 of the substrate 344, as a single
layer or a plurality of layers using any suitable technique,
such as, for example, butnot limited to powder deposition. As
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the energy source is applied to the pre-fused powder compo-
sition 401 the binder particles 416 melt or disintegrate and the
powder particles 412 are joined together at a fusion zone 418
to form a plurality of fused powder particles 414 (see FIG. 5)
that form a transitional layer 358 or an abradable layer 356.

In one embodiment, the binder particles 416 are selected
from a material capable of melting, disintegrating or vaporing
at approximately 150° C. or greater. For example, the binder
particle 416 material is, but not limited to, a volatile wax,
which vaporizes at approximately 150° C. to approximately
300° C. In one embodiment, the ratio of volume of the binder
particles 416 to the powder particles 412 is approximately 0.1
percent to approximately 50 percent binder particles 416, or
alternatively 3 percent to approximately 35 percent binder
particles 416, or alternatively 5 percent to approximately 25
percent binder particle 416. In one embodiment the binder
particles 416 have a particle size of approximately 0.010
millimeters to approximately 0.150 millimeters, or alterna-
tively approximately 0.040 millimeters to approximately
0.100 millimeters, or alternatively approximately 0.050 mil-
limeters to approximately 0.090 millimeters.

For the transitional layers 358, in one embodiment, the
plurality of powder particles 412 of the pre-fused powder
composition 401 are selected from a material that is substan-
tially the same as material that is used for the substrate 344. In
this embodiment, the materials of the substrate 344 and the
transitional zone 346 are substantially the same, but the den-
sity of the transitional zone 346, because of the method of
application, is less than that of the substrate 344. Using sub-
stantially same material for the substrate 344 and the transi-
tional zone 346 promotes adhesion of the transitional zone
346 to the substrate 344 during high-speed rotation. The
transitional zone 346 functions as an adhesive region effec-
tively joining or adhering the abradable zone 348 to the sub-
strate 344.

The thickness of the transitional zone 346 is approximately
less than 10% ofthe overall rotating airfoil 114 (blade) length.
The powder particles 412 of the transitional zone 346 have a
particle size of approximately 0.010 millimeters to approxi-
mately 0.150 millimeters, or alternatively approximately
0.040 millimeters to approximately 0.100 millimeters, or
alternatively approximately 0.050 millimeters to approxi-
mately 0.090 millimeters.

For the abradable zone 348 which includes at least one
abradable layer 356 the plurality of powder particles 412,
before fusing, have a particle size of approximately 0.020
millimeters to approximately 0.50 millimeters, or alterna-
tively approximately 0.050 millimeters to approximately
0.300 millimeters, or alternatively approximately 0.080 mil-
limeters to approximately 0.150 millimeters. In one embodi-
ment, the powder particles 412 in the abradable zone are the
same size.

In one embodiment, the powder particles 412 for the abrad-
able zone 348 contains approximately 10 percent to approxi-
mately 60 percent less of the strengthening elements that
make up the substrate 344. In one embodiment, the material
forthe abradable zone 348 is a stainless steel having a reduced
carbon content compared to that of the substrate 344 material
selected from stainless steel. In another embodiment, the
material for the abradable zone 348 contains a proportionally
lower amount of alloying elements to achieve a lower overall
strength that that of the substrate 344 material. In one embodi-
ment, the abradable zone 348 has a reduced hardness of
approximately 140 Brinell to approximately 380 Brinell or
alternatively approximately 150 Brinell to approximately 300
Brinell or alternatively approximately 160 Brinell to approxi-
mately 250 Brinell. A critical performance aspect of the
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abradable zone 348 is that the abradable zone does not trans-
mit excess heat into the rotating airfoil 114 or blade and does
not transmit excess load into rotating airfoil 114, this accom-
plished by the abradable zone 348 being sacrificed during a
tip-rub or similar contact event between the surface of the
rotating airfoil 114 and the static portion 118 or casing of the
gas turbine engine 100.

In another embodiment, the abradable zone 348 has a yield
strength of approximately 344 Megapascal to approximately
1724 Megapascal or alternatively approximately 360 Mega-
pascal to approximately 1720 Megapascal or alternatively
approximately 400 Megapascal to approximately 1700
Megapascal. In an embodiment, the abradable zone 348 has a
thickness of approximately 0.06 millimeters to approxi-
mately 100 millimeters or alternatively approximately 0.12
millimeters to approximately 15 millimeters or alternatively
approximately 0.8 millimeters to approximately 5 millime-
ters.

As shown in FIG. 6, the pre-fused powder composition 401
for either the transitional layers 358 or the abradable layers
356 includes a plurality of powder particles 412 having void
areas 410 randomly dispersed throughout. In this embodi-
ment, the plurality of powder particles 412 are randomly
dispersed and vary in particle size. The desired density for the
transitional layers 358 and abradable layers 356 determines
the powder particle 412 size, shape, positioning, packing
density, and packing order. In another embodiment, the pow-
der particles 412 are ordered or optimally dispersed as
depicted in FIG. 4. In another embodiment, the plurality of
powder particles 412 are approximately the same size. After
energy is applied, as shown in FIG. 7, the plurality of particles
412 become a fused powder composition 400, with a plurality
of fused particles 414 joined together at a fusion zone 418
having a number of void areas 410. The void areas 410 pro-
vided the reduced density to the transitional layers 358 of the
transitional zone 346 and abradable layers 356 of the abrad-
able zone 348.

FIG. 8 is a schematic of another embodiment of a rotating
component of the present disclosure. The air foil 114 includes
a substrate 344, a transitional zone 346 and an abradable zone
348 including a abradable zone coating 350. FIG. 9 is a
cross-section taken along line 9-9 of FIG. 8 illustrating the
various layers of the rotatable component 114. As shown in
FIG. 9, and described above in more detail the transitional
zone 346 includes at least one transitional layer applied to the
surface 342 of the substrate 344. The transitional zone 346 is
applied using any suitable method described above. The
abradable zone 348 is applied to the transitional zone 346 by
any suitable method described above. In this embodiment, the
abradable zone 348 includes a plurality of abradable layers
356. The plurality of abradable layers 356 include a plurality
of'fused powder structures 420. The plurality of fused powder
structures include a plurality of fused powder particles 414
and void areas 410. The geometry of the plurality of fused
powder structures 420 includes selectively hollowed spheres
(as shown in FIG. 9), selectively hollowed pyramids, and
other various geometries that allow for the abradable zone
348 to remain fixed to the transitional zone 346 while rotat-
ing. The three-dimensional geometries of the fused powder
structures 420 are created using a 3-D laser sinter process.
After the abradable zone 348 is applied an abradable coating
layer 350 is applied to the abradable zone 348. The abradable
coating layer 350 or skin prevents unnecessary airflow
through the void areas 410 of the fused powder structures 420
(see FIG. 8).

The abradable coating layer 350 material is selected from
the same material as the abradable zone. In one embodiment,
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the abradable coating layer is applied using a 3-D laser sin-
tering process, in another embodiment the abradable coating
layer is applied using any other suitable coating process. The
abradable coating layer 350 thickness is approximately 0.06
millimeters to approximately 10 millimeters or alternatively
approximately 0.12 millimeters to approximately 8 millime-
ters or alternatively approximately 0.8 millimeters to
approximately 5 millimeters.

In another embodiment, a coating 222 for a rotating airfoil
222 is provided. The coating includes a transitional zone 346
applied to a substrate 344 and an abradable zone 348 applied
to the transitional zone 346. The abradable zone 348 includes
a plurality of abradable layers 356 including a plurality of
fused powder particles 414 (see FIG. 5) or a plurality of fused
powder structures 420 (see FIG. 9). In one embodiment, the
abradable zone 348 includes an abradable coating layer 350.
The coating 222 withstands rotational force and the abradable
zone 348 is consumed upon contact with a static portion 118
of a gas turbine engine 100.

A method of coating a rotatable engine component 114 is
provided. The method includes providing the rotatable engine
component 114 having a substrate 344. Applying a transi-
tional zone 346 to the surface 342 of the substrate 344. Apply-
ing an abradable zone 348 to the transitional zone 346,
wherein the abradable zone 348 is consumed upon contact
with a static portion 118 (e.g. case liner of a gas turbine
engine) of the engine 100. In one embodiment, the transi-
tional zone 346 is applied using thermal energy. The transi-
tional zone 346 acts an intermediate or adhesive layer to keep
the abradable zone 348 from detaching from the substrate 344
during rotation. In one embodiment, the abradable zone 348
is applied using a laser densification process, a laser powder
fusion welding process, a direct-metal laser sintering process,
an electron beam welding process, an electrostatic deposition
process, and combinations thereof.

In one embodiment, the surface 342 of the substrate 344 of
the rotatable gas turbine component 114 is optionally pre-
pared before applying the transitional zone. In repairing the
coating 222, the optional step of preparation includes removal
of any remaining existing abradable layers 356 or transitional
layers 358 from the surface 342 of the substrate 344.
Examples of processes used for removal are, but not limited
to, any method for flattening the surface 342 of the substrate
344, such as, but not limited to, grinding and sanding.

One advantage of an embodiment of the present disclosure
includes an engine having tighter clearance control between
the blade tip and casing.

Another advantage of an embodiment of the present dis-
closure is high compressor efficiency resulting from the
tighter clearances of compressor design.

Another advantage of an embodiment of the present dis-
closure is robust compressor operation because the air foil
damage is removed when tip rub occurs between the air foil
tip and casing.

Another advantage of an embodiment of the present dis-
closure is that inspections and blending of airfoils in the field
is eliminated.

Yet another advantage of an embodiment of the present
disclosure is the abradable tip allows the blade to withstand
high speed contact with the casing without suffering detri-
mental effects associated with tip rub.

Another advantage of an embodiment of the present dis-
closure is the compressor can continue to run without causing
danger of crack initiation at the airfoil tip or root after a tip rub
event.

While the invention has been described with reference to a
preferred embodiment, it will be understood by those skilled
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in the art that various changes may be made and equivalents
may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiment dis-
closed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

What is claimed is:

1. A rotatable engine component comprising:

a substrate;

a transitional zone applied to the substrate; and

an abradable zone applied to the transitional zone, wherein

the abradable zone is more abradable than a static por-
tion of an engine and is consumed upon contact with the
static portion of the engine,

wherein the rotatable engine component is a compressor

airfoil,

wherein the abradable zone comprises a plurality of abrad-

able layers, and

wherein each layer of the plurality of abradable layers

consists of a plurality of fused metallic powder particles
having selectively hollowed predetermined geometries,
a plurality of fused metallic powder structures having
selectively hollowed predetermined geometries, or com-
binations thereof having selectively hollowed predeter-
mined geometries.

2. The rotatable engine component of claim 1, wherein the
substrate is selected from a substrate material comprising
stainless steel alloys, nickel-based alloys, titanium alloys,
aluminum alloys, aluminum-lithium alloys, and combina-
tions thereof.

3. The rotatable engine component of claim 1, wherein the
transitional zone comprises at least one transitional layer of a
fused powder composition.

4. The rotatable engine component of claim 3, wherein the
fused powder composition comprises a plurality of powder
particles.

5. The rotatable engine component of claim 4, wherein the
plurality of powder particles of the transitional zone are
selected from a material that is substantially the same as the
substrate material.

6. The rotatable engine component of claim 4, wherein the
plurality of powder particles of the transitional zone have a
particle size of approximately 0.010 millimeters to approxi-
mately 0.150 millimeters.

7. The rotatable engine component of claim 1, wherein the
plurality of fused powder particles of the abradable zone have
aparticle size of approximately 0.020 millimeters to approxi-
mately 0.150 millimeters.

8. The rotatable engine component of claim 1, wherein the
abradable zone has a thickness of approximately 0.06 milli-
meters to approximately 100 millimeters.

9. A coating for a rotatable component comprising:

a transitional zone applied to a substrate of the rotatable

component; and

an abradable zone applied to the transitional zone, the

abradable zone comprising a plurality of abradable lay-
ers including a plurality of fused powder particles,
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wherein the coating withstands rotational force and the
abradable zone is more abradable than a static portion of
the engine and is consumed upon contact with the static
portion of the engine,

wherein the rotatable engine component is a compressor

airfoil,

wherein the abradable zone comprises a plurality of abrad-

able layers, and

wherein each layer of the plurality of abradable layers

consists of a plurality of fused metallic powder particles
having selectively hollowed predetermined geometries,
a plurality of fused metallic powder structures having
selectively hollowed predetermined geometries, or com-
binations thereof having selectively hollowed predeter-
mined geometries.

10. The coating of claim 9, wherein the plurality of fused
powder particles have a particle size of approximately 0.020
millimeters to approximately 0.150 millimeters.

11. The coating of claim 9, wherein the abradable zone has
a reduced hardness of approximately 140 Brinell to approxi-
mately 380 Brinell.

12. A method of coating a rotatable engine component
comprising:

providing the rotatable engine component having a sub-

strate;

applying a transitional zone to the substrate; and

applying an abradable zone to the transitional zone,

wherein the abradable zone is more abradable than a
static portion of the engine and is consumed upon con-
tact with the static portion of the engine,

wherein the rotatable engine component is a compressor

airfoil,

wherein the abradable zone comprises a plurality of abrad-

able layers, and

wherein each layer of the plurality of abradable layers

consists of a plurality of fused metallic powder particles
having selectively hollowed predetermined geometries,
a plurality of fused metallic powder structures having
selectively hollowed predetermined geometries, or com-
binations thereof having selectively hollowed predeter-
mined geometries.

13. The method of claim 12, wherein the surface of the
substrate of the rotatable component is prepared before
applying the transitional zone.

14. The method of claim 12, wherein the transitional zone
is applied using thermal energy.

15. The method of claim 12, wherein the transitional zone
has a thickness of approximately less than ten percent of an
overall length of the compressor airfoil.

16. The method of claim 12, wherein the abradable zone is
applied using a laser densification process, a laser powder
fusion welding process, a direct-metal laser sintering process,
an electron beam welding process, an electrostatic deposition
process, or combinations thereof.

17. The method of claim 12, wherein the abradable zone
has a thickness of approximately 0.06 millimeters to approxi-
mately 100 millimeters.
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